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The manipulation of attention can produce mismatch negativity-like components that are 
not necessarily connected to the unintentional sensory registration of the violation of 
probability-based regularity. For clinical purposes, attentional bias should be quantified 
because it can vary substantially among subjects and can decrease the specificity of 
the examination. This experiment targets the role of attention in the generation of visual 
mismatch negativity (vMMN). The visual regularity was generated by a sequence of two 
radial motions while subjects focused on visual tasks in the central part of the display. 
Attentional load was systematically varied and had three levels, no-load, easy, and difficult. 
Rare, deviant, and frequent standard motions were presented with a 10/60 ratio in oddball 
sequences. Data from 12 subjects was recorded from 64 channels and processed. vMMN 
was identified within the interval of 142-198 ms. The mean amplitude was evaluated 
during the aforementioned interval in the parietal and fronto-central regions. A general 
linear model for repeated measures was applied to the mean amplitude with a three-factor 
design and showed a significant difference [F^ t n) = 17.40, p = 0.002] between standard 
and deviant stimuli and between regions [F^ t n) = 8.40, p = 0.01]; however, no significant 
effect of the task [F (2 , 22) = 1-26, p = 0.30] was observed. The unintentional detection of 
irregularity during the processing of the visual motion was independent of the attentional 
load associated with handling the central visual task. The experiment did not demonstrate 
an effect of attentional load manipulation on mismatch negativity (MMN) induced by the 
motion-sequence, which supports the clinical utility of this examination. However, used 
stimulation paradigm should be further optimized to generate mismatch negativity that is 
stable enough to be usable not only for group comparisons but also for a single subject 
assessment. 
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INTRODUCTION 

A specific component of the event-related potential (ERP), called 
Mismatch Negativity (MMN), denotes an electrophysiological 
correlate of the brain's detection of an unintentional disruption 
in the regularity of temporal events. The underlying mechanism 
is currently attributed to the conflict (error) between sensory 
input and a prediction and is involved in the processes of per- 
ceptual learning (Garrido et al., 2009). Originally, the MMN was 
described in the auditory modality (Naatanen et al., 1978) as a 
sensory intelligence within the primary sensory cortex that reg- 
isters deviant events in a series of standard events (Naatanen 
et al., 2001). Recent studies on this topic identified an analogous 
response in the visual modality (vMMN) (Pazo-Alvarez et al., 
2003). 

Similar to the MMN in the auditory modality, utilizing the 
vMMN may represent a promising approach for the study of 
implicit perceptual learning in neuropsychiatric patients, as it 
is an inexpensive and non-invasive method. This method has 
previously generated positive results in patients with diseases 



such as Alzheimer disease (Tales and Butler, 2006; Tales et al., 
2008), schizophrenia (Urban et al., 2008), depression (Chang 
et al., 2011), and autism (Clery et al., 2013) or in abusers of 
methamphetamine (Hosak et al., 2008; Kremlacek et al., 2008). 

Initially the MMN was recognized as a component indepen- 
dent of attention [in the auditory modality it can be elicited 
during coma or sleep — see (Naatanen et al., 2011)] and is differ- 
ent from the neuronal fatigue response [i.e., it can be elicited in 
response to an omitted stimulus (Czigler et al., 2006)]. Genuine 
MMN reflects a biologically important mechanism for the detec- 
tion of irregularities in the environment (Czigler et al., 2007). 

The MMN, as an electrophysiological marker of specific sen- 
sory discrimination, can be confounded by concurrent processes 
that mimic its appearance. One such process is the aforemen- 
tioned neural fatigue response (refractoriness), during which a 
neural population of cells shows repetition-induced suppression 
of responses to standard stimuli, while another neural popula- 
tion of cells responds to different features of the deviant stimulus 
without suppression. Attention-related negative components can 
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also confound processes (Czigler, 2007) that are connected to 
the MMN, as attention can change the ERP response in early 
visual processing without sensory discrimination (Luck et al., 
2000) 1 . For this reason a vMMN review (Czigler, 2007) addressed 
the issue of attention and noted the necessity to control for this 
potentially confounding effect. 

Because the measurement of the vMMN has to control for 
refractoriness and attention bias, the procedure is typically long 
and is paired with a demanding task; thus, its clinical utility is 
limited as the attentional resources of neuro-psychiatric patients 
are restricted. 

Visual processing is initially anatomically separated into three 
pathways (parvo-, magno- and konio-cellular). It is generally 
accepted that the parvocellular (sustained) system conducts infor- 
mation about form and color to the ventral stream and that 
the second magnocellular (transient) system predominantly car- 
ries motion information to the dorsal stream (Ungerleider and 
Mishkin, 1982; Livingstone and Hubel, 1988). Although, in the 
later stages of processing, the separate inputs are heavily inter- 
connected it is possible to some extent separately activate the 
dorsal stream by utilizing stimuli with a low spatial frequency, low 
contrast, and high temporal frequency (Kuba et al., 2007). 

The transient/magnocellular system is considered to be faster 
than the parvocellular system and is engaged in exogenous atten- 
tion processing (Steinman et al, 1997; Abrams and Christ, 
2003; Laycock et al., 2008) [although not exclusively (Ries and 
Hopfinger, 2011)] and therefore might be more suitable for 
vMMN examination. 

Because of selective deficits within the previously mentioned 
streams in some neuro-ophthalmic disorders, such as open angle 
glaucoma, multiple sclerosis, neuroborreliosis, amblyopia, among 
others (Kubova et al., 1996; Arakawa et al, 1999; Szanyi et al., 
2012), the examination of the vMMN along the magnocellular 
pathway/dorsal stream might bring new information. 

In our previous study, we used a paradigm for vMMN gener- 
ation through the activation of the magnocellular pathway that 
met the requirements for refractoriness elimination (Kremlacek 
et al., 2006). For the experiment described in this study, we modi- 
fied our previous design. We used radial motion (Kremlacek et al., 
2004) for more effective standard/deviant peripheral activation 
and we applied an interleaved numeric task of different stimu- 
lus dimension for the control of attention. The interleaved design 
shortened the examination time and the use of numbers in the 
center of the visual field allowed for additional manipulations 
with attentional involvement. 

The aim of this study was to evaluate the effect of task dif- 
ficulty on an electrophysiological correlate of the violation of 



1 The role of attention in the generation of the MMN is complicated because 
the MMN was shown to depend on the manipulation of attention, mainly dur- 
ing the formation of the response to standard stimuli (e.g., building a memory 
trace) (Sussman et al., 2002). When subjects ignored a regular pattern of odd- 
ball design, the MMN was generated as the result of sensory discrimination; 
however, when they were instructed to pay attention to the pattern in the same 
oddball sequence, the MMN diminished (Sussman et al., 2002). Currently, it is 
accepted that perceptual learning, which is a necessary process in MMN gen- 
eration, can be influenced by attention (Sussman, 2007); however, the process 
should be unintentional (Kimura, 2012). 



probability-based regularity, induced by the activation of magno- 
cellular input via a motion sequence. We also sought to determine 
a sufficient level of task difficulty to allow for unbiased vMMN 
examination during clinical use. 

METHODS 
SUBJECTS 

We examined a group of twelve healthy adult subjects (aged 
21-61 years, 3 females) with no ophthalmologic or neurologi- 
cal abnormalities and with normal or corrected-to-normal visual 
acuity. Informed consent was obtained from each subject after 
they received an explanation of the test procedure. The study was 
approved by the Ethical Committee of the Faculty of Medicine in 
Hradec Kralove and experiments were conducted in accordance 
with the Declaration of Helsinki (World Medical Association, 
2004). 

STIMULI 

The stimulus consisted of a low contrast (10%) sinusoidal circular 
pattern outside of the central 10° of the visual field of 36 x 47°. 
The spatial frequency of the pattern decreased toward the periph- 
ery, from 0.4 to 0.2 c/°. The pattern changed every 200 ms in a 
sequence of expansion (100 ms) and contraction (100 ms) or in 
the opposite sequence (contraction followed by expansion), with 
a velocity from 12.5 to 25°/s, to keep the temporal frequency of 
5 Hz constant within the stimulus field. 

In between the motion sequences, the pattern was stationary 
for 600 ms. During this stationary phase, the fixation point in the 
center of the stimulus field was changed to a randomly selected 
digit from 1 to 8 for 200 ms. 

The vMMN was elicited by a change in the sequence of the 
expanding/contracting radial motions while the subject visually 
fixated on the central part of the display. The ratio between 
deviant and standard stimuli was 0.17. In half of the recorded 
blocks, the standard stimulus was an expanding/contracting 
motion and the deviant was a contracting/expanding motion. 
During the second half of the blocks, the stimuli were inter- 
changed (see Figure 1). 

To explore the relationship between the vMMN and the 
amount of attention allocated outside the standard/deviant stim- 
uli, we used three tasks: a simple central fixation requiring no 
overt behavioral response and an oddball task of two difficulties. 
During the oddball task, subjects were instructed to press a hand- 
held button as soon as the number 1 (easy task) or the numbers 
1, 4, or 8 (difficult task) appeared. The target to non-target ratio 
was 0.30 for both the difficult and easy tasks. The number of tar- 
get stimuli was the same in both oddball tasks and it was twice the 
number of deviant stimuli. 

The entire session consisted of 7 blocks and each block 
included three tasks that were presented pseudo-randomly in 
three sub-blocks, each lasting one minute. Stimulus presenta- 
tion in each block was terminated when 10 deviant and 20 target 
stimuli were delivered. The number of standard and non-target 
stimuli was different in each block but corresponded with the pre- 
viously mentioned probabilities. Between sub-blocks there were 
5 s breaks and between blocks there were 15 s breaks with short 
joke texts presented on the screen to keep the subjects alert. 
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FIGURE 1 | MMN experimental scheme. The session design (A) presents 
blocks (triplets) of sub-blocks with three different tasks. The sub-block 
scheme (B) shows a temporal diagram of events occurring in the peripheral 



part of the visual field (upper time line) and events in the central part of the 
screen during the oddball task. The stimulus (C) depicts the spatial/temporal 
properties of the peripheral stimuli. 



The first block was used to familiarize the subjects with the tasks. 
The experiment timing and stimulus appearance are depicted 
in Figure 1. The stimuli were presented on a 21-inch computer 
monitor (Mitsubishi Diamond Pro 2070 SB, Japan). The monitor 
was driven using PsychToolbox (Brainard, 1997) at a 100 Hz. A 
mean screen luminance of 21 cd/m 2 was used for all stimuli. 

RECORDING 

vMMN acquisition was performed in a darkened, sound atten- 
uated, electromagnetically shielded room, with a background 
luminance of 1 cd/m 2 . The subjects were seated and instructed 
to fixate on the center of the stimulus field. 

Responses were recorded from 68 unipolar electrodes, includ- 
ing four EOG electrodes. The right earlobe (A2) served as a 
reference. The signal amplifier had a bandwidth of 0.3-100 Hz 
(Alien technik s.r.o., Czech Republic). The EEC was sampled at 
a rate of 1024 Hz and saved for off-line processing. 

ANALYSIS 

The data were processed using EEGlab (Delorme et al., 20 1 1 ) and 
custom routines in Matlab release 2013a (Mathworks, USA). The 
recorded EEG was digitally band pass filtered (0.5-30.0 Hz) and 
divided into epochs of —99 to 400 ms in duration with respect to 
the onset of a standard/deviant stimulus. The baseline was defined 
as the mean amplitude in the period from —99 to 0 ms (prestim- 
ulus part) for each epoch. Epochs with amplitudes outside the 
range of±50 u,Vwere rejected (18% of all epochs). Channels with 
artifacts were removed and substituted by spatially interpolating 
the signal using EEGlab. Using this method, we interpolated one 
channel in 6 subjects, two channels in 3 subjects and three chan- 
nels in one subject. To create session as short as possible, every 
second target was presented immediately after a deviant stimulus 
what systematically contaminated the responses to deviant stimuli 



and in lesser extend to the standard stimuli by the readiness 
potential (Bereitschafts Potential). The linear trend of in the 
epochs was removed to eliminate bias caused by the preparation 
(expectation) of responding to the oddball task. In each subject, 
we evaluated responses to the standard stimuli immediately pre- 
ceding responses to the deviant stimuli (6 x 3 x 10 epochs). The 
responses to direct and "inverted" stimuli were pooled for the 
analysis. 

The period containing a possible vMMN was identified as the 
local maxima of the global mean field power of the deviant — 
standard ERPs aggregated across subjects, task and blocks. 
Statistical analysis was performed on the mean amplitudes from 
the selected periods in the fronto-central and parietal regions, 
which were selected according to the vMMN distribution (see 
Figure 3). 

A general linear model for repeated measures was applied to 
the mean amplitude with a three-factor design: condition (stan- 
dard and deviant), region (fronto-central and parietal), and task 
(fixation only, easy and difficult task). The results are reported as 
statistically significant if p < 0.05. 

The correlation between age and visually evoked potentials 
(Kuba et al., 2012) suggests that age might be used as a covariate 
in our analysis. We examined the correlation between age and the 
vMMN, but there was no significant correlation; therefore, only 
within subject factors without age as a covariate were used in the 
general linear model. 

RESULTS 

BEHAVIORAL ANALYSIS 

The reaction time for the easy task was 343 ± 46 ms, while for 
the difficult task subjects responded 392 ± 51 ms after the target 
number. The reaction times for the easy task were significantly 
shorter [paired f-test t(g) = 5.8, p < 0.001]. Due to response 
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box error, three subjects were excluded from the reaction time P( 2j 22) = 0.66, p ■ 
analysis. 0.65, p = 0.534]. 



0.527; region x condition x task F { 



(2, 22) 



ELECTROPHYSIOLOGICAL DATA 

Based on the global mean field power of aggregated vMMN, three 
intervals were visually identified: 142-198, 265-322, and 323- 
400 ms (see Figure 3). The vMMN reached a maximum in two 
regions: the fronto-central (Fi, Fz, F2, FQ, FCz, FC2, Q, Cz, 
and C 2 ) and the parietal regions (CPi, CP Z , CP 2 , Pi, Pz, P2. POi, 
POz, and PO2). The mean amplitude was evaluated in the afore- 
mentioned intervals and the regions of interest. The aggregated 
ERPs, together with the localization of electrodes, are depicted in 
Figure 2. 

A general linear model for repeated measures was applied to 
the mean amplitudes with a three-factor design and showed a sig- 
nificant difference for only the first interval. The mean amplitudes 
are listed in Table 1. Statistical significance was reached for the 
factor of condition [F^ n) = 17.40, p = 0.002] and for region 
[P (1 U) = 8.40, p = 0.014] but not for task [F {2 , 22) = 1-26, p = 
0.30]. The analysis also indicated an interaction effect between 
task and amplitude in regions [P (2 , 22) = 4.16, p = 0.029], show- 
ing that the amplitudes in the fronto-central region decreased 
with the difficulty of the task, while they increased in the pari- 
etal area. This interaction did not occur with the standard/deviant 
condition; thus, it will not be further discussed. The other inter- 
actions did not reach statistical significance [condition x task 



DISCUSSION 

Our experiments have shown that the vMMN, evoked by a 
sequence of motions in periphery of the visual field, was 
not modulated by the difficulty of tasks that subjects solved 
in the central part of the visual field. A previous study by 



Table 1 | The table shows the mean amplitudes and standard 
deviations in the selected interval of 142-198 ms, from fronto-central 
and parietal derivations, for the standard and deviant conditions that 
were grouped together for the three different tasks. 



Mean amplitude ± SD [|i V]; n= 12; 142-198 ms 



Task Condition Fronto-central a. 



Centro-parietal a. 



Fixation 


Standard 


-2.74 ± 1 


31 


-2.16± 


.12 




Deviant 


-2.96 ± 1 


.16 


-2.38 ± 


.12 


Easy 


Standard 


-2.32 ± 1 


.62 


-1 .75 ± 


.67 




Deviant 


-2.98 ± 1 


.67 


-2.16± 


.43 


Difficult 


Standard 


—2.16 ± 1 


71 


-1.84 ± 


.54 




Deviant 


-2.85 ± 1 


.21 


-2.52 ± 


.17 



The grand average ERPs, regions and the intervals of interest are depicted in 
Figure 2 
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FIGURE 2 | Grand average ERPs for all three tasks aggregated from 
two regions. A schematic layout of the recording electrodes with 
indication of the fronto-central (full black circles) and the parietal (full gray 
circles) regions of interest is in the left portion of the figure. The top 
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three rows display responses from the three tasks separately, and the 
fourth row shows all tasks together. The interval of interest, for which 
the mean amplitude was evaluated, is depicted as a gray rectangle along 
horizontal axis. 
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FIGURE 3 | Butterfly plot of the grand mean deviant-standard 
difference waveform at all channels including the vMMN (gray traces) 
and its global mean power (red trace) demonstrate the temporal 
dynamics of the vMMN. Three local extremes around which the intervals 
of interest were selected (142-198, 265-332, and 324-400) are marked as 
black rectangles. For the time points indicated by a white dotted line, 
potential distributions are plotted at the bottom of the appropriate 
rectangles. 



Pazo-Alvarez et al. (2004) used a similar design: a central task 
to control the attentional load and two moving gratings that 
appeared in the periphery and defined the standard/deviant con- 
dition by their direction of motion. They, in agreement with our 
results, did not find any effect of task difficulty on the genera- 
tion of the vMMN. Our results are also similar to a study using 
a continuous performance task in the central part of the screen 
and standard/deviant stimuli presented as a grating in the periph- 
ery of the visual field (Heslenfeld, 2003). The authors did not 
report an effect of task difficulty on the vMMN found in the 
interval of 160-200 ms over the occipital, temporal or parietal 
areas. 

However, our findings contradict several studies regarding the 
MMN in the auditory (for review see Sussman, 2007) and visual 
domains (Kimura et al., 2008; Czigler and Sulykos, 2010) where 
the attentional load or direction of attention modulated MMN. 
Such modulations are in agreement with the general effect of 
attention on the ERP (Luck et al., 2000). Some of these results 
do not directly contradict our results, such as the results for 
changes in the vMMN that were induced by the attention to 
a task, which were restricted to only interactions within the 
same stimulus dimension (i.e., the task was focused on color 
and the regularity was broken by a color change) (Czigler and 
Sulykos, 2010) while Heslenfeld's, Pazo-Alvarez's and our experi- 
ments violated regularity in different domain than tasks utilized. 
Another study (Kimura et al., 2008) presented deviant, stan- 
dard and target stimuli in the same location, and therefore, 
overt attention was also orientated to the deviant stimulus. This 
limits direct comparisons with our results because, in our experi- 
ment, overt attention was located away from the standard/deviant 
stimuli. 



There are also studies regarding brain metabolism with designs 
similar to ours. In an fMRI study, the perception of visual stim- 
uli, such as optical flow, were modulated by the difficulty of an 
unrelated, spatially isolated task (Rees et al., 1997). Another sim- 
ilar study showed an effect of task difficulty on the perception 
of irrelevant color deviants (Yucel et al., 2007). These find- 
ings, unlike our findings and other electrophysiological studies 
(Heslenfeld, 2003; Pazo-Alvarez et al, 2004), may be attributed to 
using a different technique. ERP reflects transient, phase-locked 
events related to neural activity, whereas the blood oxygen level- 
dependent signal corresponds to sustained metabolic activity. It 
is possible to use an event-related fMRI design, but this approach 
cannot differentiate among processes occurring on a millisecond 
time scale. This discrepancy between electrophysiological and 
metabolic studies might be addressed in an experiment recording 
simultaneously EEC and fMRI. 

Our results also contradict the "load theory" (Lavie et al., 
2004), which states that the perception of a distractor depends 
on the task load and that the distractor is perceived when there 
are available attentional resources. Our results show that the 
distractors, for instance, standard and deviant stimuli, were pro- 
cessed by the sensory cortex, but there was no modulation of 
the response by task difficulty. One explanation might be that 
the tasks were so demanding that they exhausted all attentional 
resources. However, this seems unlikely because one of the tasks 
only required fixation on the center of the screen. Another pos- 
sibility is that the tasks were insufficiently difficult, such that the 
attentional resources were altered so negligibly that the vMMN 
was not modulated. This is also unlikely because, in response to 
the deviant stimuli, there should be an attentional shift in the 
200-300 ms interval (Heslenfeld et al., 1997) or at a later time 
point in a P3a component (Squires et al., 1975). We did not 
detect these components, and our results did not show an effect 
of task per se, nor its interaction with the condition factor (the 
standard/deviant stimuli). 

Thus, we speculate that our experimental design presented 
so many transient changes (approximately 8/s — motion-onset, 
motion-reversal, motion-offset, pattern-on, and pattern-off, all 
happened within 600 ms; see Figure 1 ) that the standard/deviant 
difference was not salient enough to systematically capture sub- 
jects' attention despite the generation of the electrophysiological 
correlate in the vMMN. Some of the subjects were questioned 
after the experiment and they reported a lack of awareness of 
the peripheral regularity violation. Unfortunately, we do not have 
behavioral responses from all subjects; however, the data suggest 
that the attentional involvement in the peripheral stimuli was low. 

The observation that the vMMN generated in our design did 
not change with task difficulty might be useful because it is desir- 
able to dissociate the effect attentional bias from the genuine 
vMMN. 

One of the goals of this study was to verify that the described 
protocol was suitable for a fast and reliable examination of 
the vMMN. In addition of the ability to elicit the vMMN, we 
found the following advantages of our design: (a) the sequence 
of motion in two directions avoided the possibility of refrac- 
toriness within the dorsal stream because the durations of the 
expanding and contracting motions within the single stimulus 
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were equal; (b) the deviant stimuli did not elicit systematic 
changes or shirts in attention; (c) the responses to irrelevant stim- 
uli were independent of central task difficulty; and (d) the radial 
motion avoids optokinetically induced eye movements. 

However, this design has the following disadvantages: (a) we 
recorded small vMMN amplitudes, which makes the clinical use 
of this design difficult; and (b) the sequence had numerous target 



events that contaminated the responses to the irrelevant stim- 
uli with slow readiness potentials, which subsequently had to be 
removed. 

ACKNOWLEDGMENTS 

This study was supported by Grant Agency of the Czech Republic 
309/09/0869 and by the P37/07 (PRVOUK) program. 



REFERENCES 

Abrams, R. A., and Christ, S. E. (2003). 
Motion onset captures attention. 
Psychol. Sci. 14, 427-432. doi: 
10.1111/1467-9280.01458 

Arakawa, K., Tobimatsu, S., Kato, M., 
and Kira, J. (1999). Parvocellular 
and magnocellular visual process- 
ing in spinocerebellar degenera- 
tion and Parkinson's disease: an 
event-related potential study. Clin. 
Neurophysiol 110, 1048-1057. doi: 
10.1016/S1388-2457(99)00049-8 

Brainard, D. H. (1997). The 
Psychophysics Toolbox. Spat. 
Vis. 10, 433^36. doi: 10.1163/1568 
56897X00357 

Chang, Y., Xu, J., Shi, N., Pang, X., 
Zhang, B., and Cai, Z. (2011). 
Dysfunction of preattentive visual 
information processing among 
patients with major depressive dis- 
order. Biol. Psychiatry 69, 742-747. 
doi: 10.1016/j.biopsych.2010.12.024 

Clery, H., Bonnet-Brilhault, R, Lenoir, 
P., Barthelemy, C, Bruneau, N., 
and Gomot, M. (2013). Atypical 
visual change processing in children 
with autism: an electrophysiological 
study. Psychophysiology 50, 240-252. 
doi: 10.1111/psyp.l2006 

Czigler, I. (2007). Visual mismatch neg- 
ativity./. Psychophysiol. 21, 224-230. 
doi: 10.1027/0269-8803.21.34.224 

Czigler, I., and Sulykos, I. (2010). Visual 
mismatch negativity to irrelevant 
changes is sensitive to task- 
relevant changes. Neuropsychologia 
48, 1277-1282. doi: 10.1016/j. 
neuropsychologia. 2009. 12.029 

Czigler, I., Weisz, J., and Winkler, 
I. (2007). Backward masking and 
visual mismatch negativity: electro- 
physiological evidence for memory- 
based detection of deviant stimuli. 
Psychophysiology 44, 610-619. doi: 
10.1111/j.l469-8986.2007.00530.x 

Czigler, I., Winkler, I., Pato, L., Varnagy, 
A., Weisz, J., and Balazs, L. (2006). 
Visual temporal window of inte- 
gration as revealed by the visual 
mismatch negativity event- related 
potential to stimulus omissions. 
Brain Res. 1104, 129-140. doi: 
10.1016/j.brainres.2006.05.034 

Delorme, A., Mullen, K. T., Kothe, 
C, Acar, A. Z., Bigdely-Shamlo, 
N., Vankov, A., et al. (2011). 



EEGLAB, SIFT, NFT, BCILAB, 
and ERICA: new tools for 
advanced EEG processing. Comput. 
Intell. Neurosci. 2011, 1-12. doi: 
10.1155/2011/130714 

Garrido, M. I., Kilner, J. M., Stephan, 
K. E., and Friston, K. J. (2009). 
The mismatch negativity: a review 
of underlying mechanisms. Clin. 
Neurophysiol. 120, 453-463. doi: 
10.1016/j.clinph.2008.1 1.029 

Heslenfeld, D. (2003). "Visual mis- 
match negativity," in Detection of 
Change: Event-Related Potential 
and fMRl Findings, ed J. Polich 
( New York, NY: Springer) , 
41-60. 

Heslenfeld, D. J., Kenemans, J. L., Kok, 
A., and Molenaar, P. C. (1997). 
Feature processing and atten- 
tion in the human visual system: 
an overview. Biol. Psychol. 45, 
183-215. doi: 10.1016/S0301-0511 
(96)05228-3 

Hosak, L., Kremlacek, J., Kuba, M., 
Libiger, J., and Cizek, J. (2008). 
Mismatch negativity in metham- 
phetamine dependence: a pilot 
study. Acta Neurobiol. Exp. Biol. 
Psychiatry 68, 97-102. 

Kimura, M. (2012). Visual mismatch 
negativity and unintentional 
temporal-context-based pre- 
diction in vision. Int. J. 
Psychophysiol. 83, 144-155. doi: 
10.101 6/j.ijpsycho.20 11.11.010 

Kimura, M., Katayama, J., Murohashi, 
H., and Motohiro Kimura, J. K. H. 
M. (2008). Underlying mechanisms 
of the P3a task-difficulty effect. 
Psychophysiology 45, 731-741. doi: 
10.1 1 1 l/j.l469-8986.2008.00684.x 

Kremlacek, J., Hosak, L., Kuba, 
M., Libiger, J., and Cizek, J. 
(2008). Visual information pro- 
cessing in recently abstaining 
methamphetamine- dependent 
individuals: evoked potentials study. 
Doc. Ophthalmol. 117, 245-255. 
doi: 10.1007/sl0633-008-9135-8 

Kremlacek, J., Kuba, M., Kubova, Z., 
and Chlubnova, J. (2004). Motion- 
onset VEPs to translating, radial, 
rotating and spiral stimuli. Doc. 
Ophthalmol. 109, 169-175. doi: 
10.1007/sl0633-004-4048-7 

Kremlacek, J., Kuba, M., Kubova, 
Z., Langrova, J., Kubova, Z., 



and Langrova, J. (2006). Visual 
mismatch negativity elicited by 
magnocellular system activation. 
Vision Res. 46, 485-490. doi: 
10. 1 0 16/j.visres.2005. 10.00 1 

Kuba, M., Kremlacek, J., Langrova, J., 
Kubova, Z., Szanyi, J., and Vit, 
F. (2012). Aging effect in pattern, 
motion and cognitive visual evoked 
potentials. Vision Res. 62, 9-16. doi: 
10.1016/j.visres.2012.03.014 

Kuba, M., Kubova, Z., Kremlacek, J., 
and Langrova, J. (2007). Motion- 
onset VEPs: characteristics, meth- 
ods, and diagnostic use. Vision Res. 
47, 189-202. doi: 10.1016/j.visres. 
2006.09.020 

Kubova, Z., Kuba, M., Juran, J., and 
Blakemore, C. (1996). Is the motion 
system relatively spared in ambly- 
opia. Evidence from cortical evoked 
responses. Vision Res. 36, 181-190. 
doi: 10.1016/0042-6989(95)00055-5 

Lavie, N., Hirst, A., de Fockert, J. W, 
and Viding, E. (2004). Load the- 
ory of selective attention and cog- 
nitive control. /. Exp. Psychol. Gen. 
133, 339-354. doi: 10.1037/0096- 
3445.133.3.339 

Laycock, R., Crewther, D. P., and 
Crewther, S. G. (2008). The advan- 
tage in being magnocellular: a few 
more remarks on attention and 
the magnocellular system. Neurosci. 
Biohehav. Rev. 32, 1409-1415. doi: 
10.1016/j.neubiorev.2008.04.008 

Livingstone, M., and Hubel, D. (1988). 
Segregation of form, color, move- 
ment, and depth: anatomy, physi- 
ology, and perception. Science 240, 
740-749. doi: 10.1126/science.328 
3936 

Luck, S. J., Woodman, G. R, and Vogel, 
E. K. (2000). Event-related potential 
studies of attention. Trends Cogn. 
Sci. 4, 432-440. doi: 10.1016/S1364- 
6613(00)01545-X 

Naatanen, R., Gaillard, A. W, and 
Mantysalo, S. (1978). Early 
selective-attention effect on 
evoked potential reinterpreted. 
Acta Psychol. (Amst.) 42, 313-329. 
doi: 10.1016/0001-6918(78)90006-9 

Naatanen, R., Kujala, T, Escera, 
C, Baldeweg, T, Kreegipuu, K., 
Carlson, S., et al. (2011). The 
mismatch negativity (MMN) - A 
unique window to disturbed central 



auditory processing in ageing and 
different clinical conditions. Clin. 
Neurophysiol. 123, 424-458. doi: 
10.1016/j.clinph.201 1.09.020 
Naatanen, R., Tervaniemi, M., 
Sussman, E., Paavilainen, P., 
and Winkler, I. (2001). "Primitive 
intelligence" in the auditory cor- 
tex. Trends Neurosci. 24, 283-288. 
doi: 10.1016/S0166-2236(00) 
01790-2 

Pazo-Alvarez, P., Amenedo, E., and 
Cadaveira, F. (2004). Automatic 
detection of motion direction 
changes in the human brain. 
Eur. J. Neurosci. 19, 1978-1986. 
doi: 10.1 1 1 l/j.1460-9568.2004. 
03273.x 

Pazo-Alvarez, P., Cadaveira, F., and 
Amenedo, E. (2003). MMN in 
the visual modality: a review. 
Biol. Psychol. 63, 199-236. doi: 
10.1016/S0301-0511(03)00049-8 

Rees, G., Frith, C. D., and Lavie, N. 
(1997). Modulating irrelevant 
motion perception by varying 
attentional load in an unrelated 
task. Science 278, 1616-1619. doi: 
10. 1 126/science.278.5343. 1616 

Ries, A. J., and Hopfmger, J. B. (2011). 
Magnocellular and parvocellular 
influences on reflexive attention. 
Vision Res. 51, 1820-1828. doi: 
10.1016/j .visres.20 1 1 .06.0 1 2 

Squires, N. K., Squires, K. C, and 
Hillyard, S. A. (1975). Two varieties 
of long-latency positive waves 
evoked by unpredictable auditory 
stimuli in man. Electroencephalogr. 
Clin. Neurophysiol. 38, 

387-401. doi: 10.1016/0013- 
4694(75)90263-1 

Steinman, B. A., Steinman, S. B., and 
Lehmkuhle, S. (1997). Transient 
visual attention is dominated by 
the magnocellular stream. Vision 
Res. 37, 17-23. doi: 10.1016/S0042- 
6989(96)00151-4 

Sussman, E. S. (2007). A new view 
on the MMN and attention debate 
the role of context in processing 
auditory events. /. Psychophysiol. 
21, 164-175. doi: 10.1027/0269- 
8803.21.34.164 

Sussman, E., Winkler, I., Huotilainen, 
M., Ritter, W., and Naatanen, 
R. (2002). Top-down effects can 
modify the initially stimulus- driven 



Frontiers in Human Neuroscience 



www.frontiersin.org 



July 2013 | Volume 7 | Article 411 | 6 



Kremlacek et al 



Motion vMMN is task independent 



auditory organization. Brain Res. 
Cogn. Brain Res. 1 3 , 393-405 . 
doi: 10.1016/S0926-6410{01) 
00131-8 

Szanyi, J., Kubova, Z., Kremlacek, J., 
Langrova, J., Vit, F.» Kuba, M., 
et al. (2012). Pattern and motion- 
related visual-evoked potentials in 
neuroborreliosis: follow-up study. 
/. Clin. Neurophysiol. 29, 174-180. 
doi: 10.1097/WNP.0b013e31824e 
1013 

Tales, A., and Butler, S. (2006). Visual 
mismatch negativity highlights 
abnormal preattentive visual 
processing in Alzheimer's dis- 
ease. Neuroreport 17, 887-890. 
doi: 10.1097/01.wnr.0000223383. 
42295.fa 

Tales, A., Haworth, J., Wilcock, G., 
Newton, P., and Butler, S. (2008). 



Visual mismatch negativity high- 
lights abnormal pre-attentive 
visual processing in mild cogni- 
tive impairment and Alzheimer's 
disease. Neuropsychologia 46, 
1224-1232. doi: 10.1016/j. 
neuropsychologia. 2007. 11.017 

Ungerleider, L. G., and Mishkin, M. 
(1982). "Two cortical systems," in 
Analysis of Visual Behavior, eds D. J. 
Ingle, M. A. Goodale, and R. J. W. 
Mansfield (Cambridge, MA: MIT 
Press), 586-594. 

Urban, A., Kremlacek, J., Masopust, J., 
and Libiger, J. (2008). Visual mis- 
match negativity among patients 
with schizophrenia. Schizophr. Res. 
102, 320-328. doi: 10.1016/j.schres. 
2008.03.014 

World Medical Association. (2004). 
Ethical Principles for Medical 



Research Involving Human Subjects. 
Available online at: http://www. 
wma.net/en/30publications/10poli 
cies/b3/ 

Yucel, G., McCarthy, G., and Belger, 
A. (2007) . fMRI reveals that 
involuntary visual deviance 
processing is resource limited. 
Neuroimage 34, 1245-1252. 
doi: 10.1016/j. neuroimage. 2006. 
08.050 

Conflict of Interest Statement: The 

authors declare that the research 
was conducted in the absence of any 
commercial or financial relationships 
that could be construed as a potential 
conflict of interest. 

Received: 29 April 2013; accepted: 11 July 
2013; published online: 30 July 2013. 



Citation: Kremlacek J, Kuba M, Kubova 
Z, Langrova J, Szanyi J, Vit F and Bedndr 
M (2013) Visual mismatch negativity 
in the dorsal stream is independent of 
concurrent visual task difficulty. Front. 
Hum. Neurosci. 7:411. doi: 10.3389/ 
fnhum.2013.00411 

Copyright © 2013 Kremlacek, Kuba, 
Kubova, Langrova, Szanyi, Vit and 
Bedndr. This is an open-access arti- 
cle distributed under the terms of the 
Creative Commons Attribution License 
(CC BY). The use, distribution or repro- 
duction in other forums is permitted, 
provided the original author(s) or licen- 
sor are credited and that the original 
publication in this journal is cited, in 
accordance with accepted academic prac- 
tice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms. 



Frontiers in Human Neuroscience 



www.frontiersin.org 



July 2013 | Volume 7 | Article 411 | 7 



